Background: We investigated whether metabolic syndrome exacerbated the risk of liver fibrosis among chronic hepatitis B patients and risk factors associated with liver steatosis and fibrosis in chronic hepatitis B patients with components of metabolic syndrome. Methods: This study included 1236 chronic hepatitis B patients with at least one component of metabolic syndrome. The controlled attenuation parameter and liver stiffness, patient information and relevant laboratory data were recorded. Results: Controlled attenuation parameter was increased progressively with the number of metabolic syndrome components (p < 0.001). Multivariate analysis indicated younger age, high gamma-glutamyltransferase level, high waist-hip ratio, and high body mass index were independent risk factors associated with nonalcoholic fatty liver disease among chronic hepatitis B patients with metabolic syndrome. In the fibrosis and non-fibrosis groups, most of blood lipid was relatively lower in fibrosis group. An increased proportion of chronic hepatitis B patients with liver fibrosis was found concomitant with an increasing number of components of metabolic syndrome. Male gender, older age, smoking, aspartate aminotransferase levels, high body mass index, and low platelet level were identified as independent risk factors associated with liver fibrosis. Conclusions: For chronic hepatitis B patients with coexisting components of metabolic syndrome, stratification by independent risk factors for nonalcoholic fatty liver disease and fibrosis can help with management of their disease.
Introduction
Approximately 240 million people worldwide are chronically infected with hepatitis B virus (HBV), placing them at an increased risk of developing endstage liver disease, including cirrhosis and hepatocellular carcinoma (HCC). 1, 2 The duration of the antiviral therapy required is very long and may even extend to life-long treatment. 3 Early identification of liver fibrosis is important and necessary. The rising incidence of metabolic syndrome (MetS) is another grim health burden. 4 Patients suffering from MetS have higher risks of cardiovascular morbidity and mortality, type 2 diabetes mellitus (T2DM), and HCC. 5 There are patients who have concurrent chronic HBV infection and MetS, which can cause a clinical dilemma. Nonalcoholic fatty liver disease (NAFLD) is considered to be a hepatic manifestation of MetS. A study by Jin and colleagues 6 reported that, among chronic hepatitis B (CHB) patients, the presence of NAFLD was an independent risk factor for poor clinical outcomes with entecavir treatment. Another study by Chan et al. 7 reported that concurrent fatty liver disease in HBV-infected patients increased the risk of developing HBV-associated HCC by 7.3-fold. Hence, screening for NAFLD in CHB patients with MetS is an important clinical issue. Moreover, patients with MetS are at increased risk for liver fibrosis. 8 Whether CHB patients with coexisting components of MetS have increased risk of liver fibrosis, and if so, how to identify the high-risk population among them, is an unsolved clinical problem.
Liver biopsy, until now, has been regarded as the gold standard for evaluating liver steatosis and fibrosis. 9 However, it has also been criticized because of its invasive nature. Recently, a non-invasive measurement of liver steatosis and fibrosis by transient elastography (TE) to evaluate the controlled attenuation parameter (CAP) and liver stiffness (LS) has received increasing attention. 10 However, because of the high cost of the equipment, and the lack of skilled operators, LS and CAP measured by TE have not been widely implemented clinically, especially in lower-to-middle income countries. 11 It is more practical to stratify the risk among patients and perform TE and/or liver biopsy in the high-risk population. However, the risk factors associated with liver steatosis and fibrosis in CHB patients with components of MetS (CHBcM) has not been extensively examined.
In this study, the relationships of CAP, LS, demographics, and clinical parameters in CHB patients with one or more component of MetS were evaluated. The purpose of this study was to find out whether the component of MetS exacerbates the risk of liver fibrosis in CHB patients.
Subjects and methods

Subjects
The inclusion criteria were the presence of CHB and at least one MetS component. CHB was defined as showing a sero-positive of hepatitis B virus surface antigen (HBsAg) for !6 months with persistent or repetitive alanine aminotransferse (ALT) elevation. 10 The MetS was defined according to the International Diabetes Federation by the presence of at least three of the following metabolic abnormalities: waist circumference >94 cm for men and >80 cm for women (as a pre-requisite diagnostic criterion); blood pressure !130/85 mm Hg; T2DM previously diagnosed by a physician, or a fasting plasma glucose level !5.6 mmol/l; triglyceride levels >1.7 mmol/l; and/or HDL-cholesterol <1.04 mmol/l for men and <1.29 mmol/l for women.
Patients were excluded if (a) the patient used medications that can induce hepatic steatosis (e.g. corticosteroids, estrogen, methotrexate, or amiodarone) within six months of study inclusion, (b) had right-sided heart failure, (c) evidence of co-infection with hepatitis C, hepatitis D or human immunodeficiency virus (HIV), (d) had an autoimmune liver disease, or (e) heavy alcoholic abuse, defined as >30 g/day consumption. 12 This is summarized on the flow chart shown in Supplementary Material Figure 1 .
LS and CAP measured by transient elastography
LS and CAP values were assessed by TE according to the manufacturer's handbook (Echosens, Paris, France) by a professionally trained technician. 13 LS analyses were expressed in kilopascals (kPa) and CAP decibels per meter (dB/m). The ratio of the interquartile range (IQR) of LS to the median (IQR/M) was calculated as an indicator of variability. Only procedures with at least 10 valid measurements, a success rate of at least 60%, and an IQR/M ratio of the LSM value <0.3 were considered reliable and then used for analysis. CAP was measured on the same signals with LS, ensuring that a liver ultrasonic attenuation was obtained simultaneously and in the same volume of liver parenchyma as the LS. The IQR of CAP in the study is less than 40 dB/m. 14 The final CAP value was the median of individual measurements.
According to the METAVIR scoring system, a score of F1-F4 indicated fibrosis and a score of F2-F4 was defined as advanced fibrosis. 15 Therefore, a LS >7.4 Kpa was defined as liver fibrosis whereas LS >9.8 kPa was the threshold for advanced fibrosis. 16 CHB patients were diagnosed with hepatic steatosis at CAP values >310 dB/m, according to previous recommendations. 17 Blood pressure was measured by a mercury sphygmomanometer twice at rest in a sitting position, spaced 1-2 min apart, and the average value of two blood pressure measurements was used in analysis. Hypertension was defined, according the 2013 European Society of Hypertension/European Society of Cardiology guidelines for the management of arterial hypertension, as an office-sitting systolic blood pressure (SBP) of !140 mm Hg and/or office diastolic blood pressure (DBP) !90 mm Hg. 18 According to current guidelines, for the diagnosis of hypertension, patients were divided into the following four groups. 
Demographical and laboratory data
When TE was performed, relevant patient information on lifestyle, including alcohol consumption and smoking, was also collected and analyzed. Laboratory tests, including platelet (PLT) levels, serum aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma-glutamyltransferase (GGT), total cholesterol, high density lipoprotein (HDL)-cholesterol, low density lipoprotein (LDL)-cholesterol, triglycerides, and blood uric acid were assessed, according to standard procedures. These laboratory results were obtained by standard automated techniques within 14 days of the TE.
The medical history of T2DM, and physical examination data including age, height, weight, waistline, and hipline were measured and recorded. Waist-hip ratio (WHR) indicated ratio of waistline to hipline. Body mass index (BMI) was calculated using the formula: weight/height 2 (kg/m 2 ).
Compliance with ethical requirements
The 
Statistical analysis
The measurement units are expressed as meanAEstandard deviation (SD) for continuous data. Categorical data was expressed in percentages. The significance of differences was tested using either the Student's t-test (for continuous variables) or the chi-square test (for categorical variables). Significance of trends in the association between CAP values and the number of MetS components were assessed by one-way analysis of variance. Univariable and stepwise multivariable regression analyses were performed using logistic regression analysis and the results were expressed as odds ratio (OR) and 95% confidence interval (CI). All analyses were performed using SPSS (version 13.0) with an alpha level of 0.05.
Results
Non-NAFLD and NAFLD group characteristics
A total of 1236 CHB subjects were included in the current study. Demographics and clinical characteristics are shown in Supplementary Material Table 1 . The CAP value of all participants is 236.16 AE 56.84.
Among them, a total of 149 subjects with fatty liver of CAP>310 dB/m were defined as the NAFLD group, with all other subjects assigned to the non-NAFLD group. The difference in their characteristics is shown in Table 1 . Surprisingly, the LS values were no different in the non-NAFLD group than in the NAFLD group. The CAP value increased progressively with the number of MetS components among the CHB patients (p < 0.001, Figure 1(a) ). The CAP value was also Figure 2 . Additionally, the CAP value could also effectively distinguish between the different grades of hypertension (Supplementary Material Figure 3 ).
Differences in characteristics between the liver fibrosis group and the non-fibrosis group
Patients were divided into a liver fibrosis group (n ¼ 415) and a non-fibrosis group (n ¼ 821) as determined by a LS value for the former of >7.4 Kpa. As shown in Table 2 . What was interesting was that lipid levels were relatively lower in the fibrosis group.
The CAP values, unexpectedly, were not different in the two groups. There were increased proportions of CHB patients with fibrosis and advanced fibrosis as the number of components of MetS increased. The data are shown in Figure 1(b) . However, the proportions with fibrosis and advanced fibrosis were similar in CHB patients with NAFLD or without NAFLD. Table 3 shows the clinical and biochemical variables in the subgroup of CHB subjects with coexisting NAFLD, stratified by liver fibrosis. CHB with coexisting NAFLD had a higher weight and waist circumference. In contrast, LDL-cholesterol levels were A total of 11.7% and 17.9% of CHB patients had liver fibrosis and advanced fibrosis if they had one component of MetS, whereas 15.7% and 20.7% had fibrotic complications if they had two components, and 12.5% and 27.3% had the complications if they had three components, and 20.0% and 30.0% had complications if they had four components (p ¼ 0.032).
significantly lower in the fibrosis group than in the nonfibrosis group.
Univariate and multivariate analysis of factors associated with NAFLD and fibrosis
Logistic regression was utilized to identify factors that were significantly associated with NAFLD in the CHBcM. It indicated in multivariate analysis that younger age, high GGT level, high WHR, and high BMI were independent risk factors associated with NAFLD among CHBcM ( The results indicated that relationship between fatty liver and low-level alcohol consumption in our study may due to the obesity caused by alcohol consumption, rather than to alcohol itself. As shown in Table 5 , according to multivariate analysis, male gender, older age, smoking, high AST level, and BMI, and a low PLT level were independent risk factors. Among subjects with CHB and NAFLD, the multivariate analysis showed that, interestingly, only high AST level, high WHR and high BMI were independent risk factors associated with liver fibrosis among subjects with CHB and NAFLD, as shown in Table 6 .
Discussion
In this study, we found that both the CAP values and the proportion of fibrosis increased with an increase in the number of MetS components. And, unexpectedly, we did not find in this study that CHB with coexisting NAFLD is associated with severe liver fibrosis. An epidemiology study conducted by Jinjuvadia and Liangpunsakul 19 found that the prevalence of MetS was 10.4% in HBV-infected patients and 25.6% in controls. The authors believed that there was an inverse correlation between MetS and HBV infection. In our study, the prevalence of MetS among CHB patients was 11.7%, significantly lower than the 25.6% value reported in healthy controls. This may simply reflect a lower prevalence of MetS in CHB patients.
The serum lipid profile in CHB patients has received some attention. It is known that serum cholesterol level correlates with liver function and prognosis in patients with advanced liver disease. 20 Low total cholesterol was thought to be associated with incipient liver failure. 21 The explanation could partially explain why lipids were significantly lower in the fibrosis group compared to the non-fibrosis group in the CHB patients in our study. A study reported by Hsieh et al. 21 suggested that GGT was the most representative liver enzyme related to MetS in the non-hepatitis population. According to our study, a high GGT level could also be regarded as a marker for NAFLD, together with younger age, WHR, and BMI, and could assist stratification of the risk for CHB patients with a component of MetS. Liver fibrosis would impair the synthetic and metabolic functions of the liver. It is well established that CHB, NAFLD, and MetS lead to the development of liver fibrosis, cirrhosis, and HCC. [22] [23] [24] A prospective study from Taiwan indicated that a high BMI at baseline correlated with the incidence of liver cirrhosis and HCC. 25 In our study, we found that CHB patients with MetS components had accelerated rates of liver fibrosis. The more components present in the CHB patient, the higher the potential for liver fibrosis. More importantly, smoking is an independent risk factor for liver fibrosis among CHBcM. The results indicated that, for CHBcM, smoking cessation is important and necessary, as recommended by recent guidelines. 26 Behavioral therapy and motivational counseling is beneficial for all these patients, but is essential for those not yet ready to quit. For CHBcM, identifying smoking triggers, avoiding high-risk situations, and motivational counseling may all be useful.
A surprising result in our study was that the combination of CHB and NAFLD did not accelerate the development of fibrosis. The explanation for this is unknown and needs further investigation. Some studies have indicated that hepatitis B virus could influence hepatocyte metabolism, and therefore coined the term ''metabolovirus. '' 27,28 On the one hand, HBV could regulate many key metabolic genes in infected hepatocytes. 29 On the other hand, it is well known that HBV DNA load increases the risk of liver fibrosis and cirrhosis. 30 The current study has limitations. It was a retrospective investigation, carried out in a single center, and performed by clinicians from that same center. The occurrence of NAFLD may differ according to regional dietary habits that may vary geographically in China, or around the world. The potential limitations of the present report could be overcome in future studies through the incorporation of multiple centers, in several regions and/or countries. Nevertheless, the current study provides useful data derived from a large number of CHB patients who also had components of MetS, which to our knowledge had not been reported previously.
Conclusion
In conclusion, in CHB patients, the CAP value and the proportion of fibrosis increased with an increasing number of MetS components. For such patients, stratification by independent risk factors for NAFLD and fibrosis can help with management of their disease. 
